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Abstract:
Using a high-frequency data set of the spot Australian dollar/US dollar this study
examines the distribution of quotes, spreads and returns across the trading “day”. By
identifying the direction of trade and the subsequent quote returns from contributing banks
the segmented nature of the market into market-makers, and informed and uninformed
traders is investigated. The results suggest that the  information advantage held by
informed traders is quickly eroded by the price discovery process of other institutions.
Also the analysis is revealing of discontinuities in trading and the volatility of pricing
across the trading “day”.3
1. Introduction
The recent availability of high-frequency or tick data of spot foreign exchange (FX) prices
over the last decade has expanded the range of empirical investigation possible in a market
which Bollerslev and Domowitz (1993: 1421) observed is “the closest analogue to the
concept of a continuous time global marketplace”
1. Initially investigators focused on
understanding the continuous-time nature of the FX market with these studies identifying
patterns and price variation across time zones
2. However while there is generally no
question of price availability or liquidity particularly in spot markets on normal weekdays,
the actual organization of the market around groups of dealers, some of whom may
possess private information, ensures that prices cannot immediately incorporate all private
information in individual trades (Lyons, 1995). The idea that a fingerprint may be left in
the market by participants as a consequence of information asymmetries, the effects of
heterogeneity based on credit as well as information criteria, bounded rationality and other
effects of market configuration has formed the focus of more recent studies. These include
investigations of the price discovery process in markets clearly segmented by differential
information including Ito, Lyons and Melvin’s (1997) study of yen trading and de Jong,
Mahieu, Schotman and van Leewen (1999) and Huang and Masulis (1999) study on the
Deutsche Mark, while another aspect concerns price discovery arising from central bank
intervention (Dominguez, 1999).
Despite many studies investigating these issues in the major currencies there is currently
no information available on trading in the spot Australian dollar against the US dollar
(AUD/USD)
3. This paper represents a first step in this direction by providing evidence on
the intraday and interday variation that exists in quote arrival and volatility, as well as
demonstrating the segmented nature of the AUD/USD markets around heterogeneously
informed traders. The data employed is time stamped spot AUD/USD price quotes from
banks contributing to the Reuters FXFX page from Friday 5
th May 2000 to Thursday 15
th
                                                
1 See Goodhart and O’Hara (1997) for a discussion of issues and applications of high frequency data in
financial markets.
2 For example Goodhart and Demos (1990, 1991), Muller et al. (1990), Goodhart and Figliuoli (1991), and
later Bollerslev and Domowitz (1993) and Bollerslev and Melvin (1994) focus on quote arrivals (frequency)
and the size of the bid-ask spread which vary across the trading day with high spreads and volatility at the
beginning and end of trading.
3 A number of recent papers explore macroeconomic themes such as the movement of the Australian dollar
to the terms of trade (Gruen and Kortian, 1996), model the exchange rate using cointegration techniques4
June 2000
4. The Australian dollar was stable during this period beginning at 1AUD=
0.5926US and ending the period at 1AUD=0.6005. This data comprised an initial set of
30,000 price quotes by contributing banks over 42 calendar days and is comparable with
other studies investigating intraday price behaviour in FX markets, including those studies
mentioned above, as well as those studies which track the impact of specific news items on
FX prices (Melvin and Yin, 1998). A key limitation of this data is that it does not include
information on volume, or the size of individual trades. This prevents examination of the
joint dynamics of price and volume, which has been the basis of many studies in futures
and stock markets. Studies in FX markets are largely limited to daily or monthly data
(Galati, 2000) though Goodhart et al. (1994) and Lyons (1995) did report actual quotes
and transactions, including volumes, based upon transactions in the Reuters electronic
broking system, D2000-2. The proprietary nature of this information has largely prevented
subsequent and more detailed analysis.
The Australian dollar was floated in December 1983, though it has been subject to
occasional periods of intervention (Rankin, 1998). Further deregulation of the financial
markets to allow foreign banks and licensed foreign exchange traders in the 1980s
significantly expanded the number of financial institutions authorised to engage in foreign
exchange business in Australia with 54 authorised financial institutions in October 2000
5.
While data on spot trading by financial institutions required to report to the Reserve Bank
of Australia is reported monthly in the Reserve Bank Bulletin, this data understates actual
volumes since it excludes data from non-resident non-reporting banks. Thus the best
estimate of the scale and scope of the Australian dollar market is provided by the triannual
survey titled “Central Bank Survey of Foreign Exchange and Derivatives Market Activity”
conducted by the Bank for International Settlements. The two most recent surveys
conducted in April1995 and April1998 reveal that spot turnover in Australian dollars
against all other currencies increased from US$9.5 billion to US$14.7 billion per day in
                                                                                                                                                  
(Karfakis and Phipps, 1996), and explore parity relationships (Tarditi, 1996; Dungey and Gower, 1997; Kim,
1997).
4 This sample period avoided the public holiday in Japan on the 5 May (Children’s Day) though it included
the Monday 29 May holiday in the US (Memorial Day) and UK (Bank Holiday), and the holiday in Australia
on the 12 June (Queen’s Birthday).
5 On the 12 October 2000 there were 54 financial institutions authorised to deal in foreign exchange in
Australia. See http://www.rba.gov.au.5
1998
6. This compares with a global spot market turnover estimated to be US$577 billion
per day in 1998 adjusted for local and cross-border double counting.
A key feature of these surveys is the extent that total turnover in Australian dollars is now
conducted in financial centres outside Australia. Specifically, in April 1998 of total
Australian dollar turnover of US$57.9 billion (this figures includes forward outright and
swap transactions) only 40.7% (US$25.8 billion) was transacted in Australia, with 22.4%
in the U.K. (US$13.0 billion), 13.1% in the U.S. (US$7.6 billion) with the remainder in
mostly Asian centres including Hong Kong and Tokyo. The extent that price formation
now occurs in offshore centres, usually outside the time zone for normal Australian
trading, is also evident from the high frequency data presented in this study. An obvious
implication of this outcome has been the need for the Reserve Bank of Australia to
conduct its intervention activities outside of normal Australian trading.
The BIS surveys also demonstrate that trading activities in the Australian dollar FX market
are highly concentrated, with the ten largest dealers accounting for 80% of total market
turnover in April 1998- an increase of 70% on the previous survey in April 1995. This
result is also confirmed by the high-frequency data with ten banks contributing to 76.5%
of quotes in the spot AUD/USD market with three banks (BGFX, CIBT and
WBCA+WBCL) contributing 50.2% of quotes. This is likely to lead to a market with
differentially informed traders, some of whom are clearly “price leaders” with superior
information on order flow.
This paper contributes to an understanding of these issues in a number of ways. First we
track the patterns and distributions of price quotes, spreads and returns across the trading
day and week. Second we describe the nature of market segmentation by investigating
these distributions from the perspective of quoting banks. While the market may be easily
divided into large and small traders on the basis of quote frequency we would also like to
determine the effect of new quotes from key quoting institutions on subsequent prices in
the market. This will provide an insight into the segmentation of market participants into
                                                
6 Table E-1, BIS (1999), and Table 1-A, BIS (1996). This total may be compared with the daily spot trading
average reported to the Reserve Bank of Australia of A$12.731 billion (US$8.911) which was 34.1% of total
turnover (A$37.378 billion) in all instruments. The August 2000 totals were A$12.973 billion spot and
A$37,378 billion total turnover. RBA website: www.rba.gov.au Table F07.6
the three main groups described by Goodhart and O’Hara (1997) as informed and
uninformed traders (or less informed traders), and market makers.
The approach adopted is to investigate the statistical relationship between quoting bank
prices, quote returns, spreads, and the direction of trade and estimate the relationship
between the direction of trade and the subsequent quote returns for key quoting banks. The
paper is structured as follows: In the next section the characteristics of the quotes in the
spot AUD/USD market are established, then in Section 3 we define the method of
calculating returns and establishing whether the quoting institution is an informed trader.
Then the results from an analysis of variance in the return properties of informed and
uninformed traders are presented. The final section allows for some concluding remarks.
2. Price Quotes in the spot AUD/USD Market
The spot AUD/USD quotes were provided by Reuters Australia Ltd. and comprised
30,000 time stamped (Day:Hour:Minute:Second) spot Australian dollar price quotes from
contributing banks based on Greenwich mean time (GMT) from Friday 5
th May
9:49:11AM  GMT 2000 (19:49 Sydney time) to Thursday 15
th June 0:56:6AM GMT, 2000
(10:56 Sydney time). This comprises 42 calendar days. The price quotes were used to
update the FXFX page on the Reuters system. Foreign exchange spot trading generally
begins the week by 23:00 GMT on Sunday (9:00 Sydney time) and ends the week usually
by 22.00pm GMT Friday night (the latest Friday night quote was on the 5/5/2000 at
21:50). A detailed description of the time zone applicable to the data is described in Table
1. In this Table GMT designated by D (day), D-1 (the previous calendar day) and D+1 (the
next calendar day).
(Insert Table 1 about here)
Generally spot AUD/USD trading does not occur on Saturday, though there were some
quotes submitted on three Saturday’s in the sample: the 13 May (4 price quotes), 20 May
(9 price quotes), and the 3 June (1 price quote). These quotes were without exception late
evening trading by US or Canadian based banks. Details of the number of quotes
generated on a weekday basis are provided in Table 2. Excluding the Sunday morning
(early morning trading in Sydney) with 366 quotes over the sample, the average number of7
quotes of 1032 is about one quarter the quantity generated in a major currency
7. Most
quotes were received on Tuesday and the least quotes were received on the Friday.
(Insert Table 2 about here)
The time intervals of the quotes are not regular and the time periods were later converted
to fractions of a 24hour day based on GMT. The time stamp also enabled each observation
to be coded with a proxy for each day of the week (from 1 to 7 with 1 = Monday and
Sunday = 7). The quote frequency also varied over the trading day. This variation is
clearly visible in Figure 1, which plots the number of quotes received per hour of the
sample period. The three peaks in this diagram at 2:00, 7:00 and 13:00 represent the
opening of Asian trading, late afternoon and then close of Asian trading and the period
before lunchtime in London. The peak frequency was in late afternoon trading in London
as the US and Canadian markets opened.
(Insert Figure 1 about here)
The prices recorded are indicative bid-ask quotes of dealing prices in the over-the-counter
foreign exchange market which occur as broker intermediated transactions, direct
transactions over the phone, or by way of the electronic dealing systems provided by
Reuters and Telerate. The spread was calculated as the difference between the bid and the
ask of each quote. To accommodate differences in the level of exchange rates, a relative
spread may be calculated as the ratio of the difference in the bid-offer (in actual or
logarithmic terms) divided by the midrate.
The convention in foreign exchange markets is that though quotes are indicative they
should also reflect actual dealing quotes at the time they are entered into the Reuters
system. This view is supported by the recent survey of the US FX market by Cheung and
Chinn (1999) who note the importance of reputation and the maintenance of a “positive
market image” for traders. This reinforces the market convention that screen quotes are
                                                
7 For example Goodhart and O’Hara (1997) report an average of 4,500 USD/Deutsche Mark quotes on
FXFX.8
also dealing quotes. However we acknowledge the validity of the comment by Goodhart
and Demos (1990) that the frequency of quotes from a particular dealer may not fully
reflect the importance of that dealer in the marketplace since human elements such as the
presence of an overly zealous trainee may create aberrations in quote frequency. However
we believe that while these factors may be present, their influence over the 42 calendar
days of the sample period would be much dimished. Possibly a more important effect may
be due to the presence of an institution operating a 24 hour dealing room. Consequently
we attempt to identify those traders operating 24 hour operations in the later analysis.
Given the market quotes a bid and an ask, when calculating return, which is the
appropriate price to use? Convention is use the midrate for these calculations (e.g. Dufour
and Engle, 1999) with theoretical arguments based on the concept that the bid and ask are
set around the ‘true price” (Stoll, 1978a and 1978b) with the spread set to encourage the
movement of inventory while adjusting for risk. In practice the quoted spread is usually set
at regular intervals. In the case of this series the market convention was for 5 (48.8%)and
10 (50.43%) basis point spreads (0.0005 and 0.0010) between the bid and the ask. There
were a small number of quotes with both smaller and larger spreads (there were 41 quotes
with a 3 point spread and 7 quotes with a 15 point spread), however there was no
compelling statistical evidence linking spreads with liquidity (during thin trading) or
volatility. This result is consistent with the comment by Goodhart and Figliuoli (1991) that
spreads are largely determined by convention, however in the later statistical analysis we
find that average spreads change over the trading day and week and differ between market
participants. These results are reported later.
Contributing banks are designated by a unique four digit alpha code, which usually allows
identification of the branch location of a contributing bank, as well as the bank (e.g.
WBCL = Westpac Banking Corporation, London branch). There were 88 banks (branches
are counted separately) that provided quotes during the sample period. Table 3 provides a
listing of the top ten banks by quote frequency, the average number of hours per day of
quotes and the hour of greatest quote frequency. The quotes in the hour of greatest quote
frequency, expressed as a percentage of total quotes for the contributing bank, is presented
in the last column. The top ten banks contributed 76.6% of total quotes during the sample
period. Two entries are provided for Westpac Banking Corporation, which operates a9
branch in London (WBCL) as well as its Australian trading operation based in Sydney
(WBCA). A key feature of the table is that the time with the greatest quote coverage is
12:00 GMT (midday in London) while there are only two of the top ten banks quoting
during the Australian time zone (WBCA and SGBS) with both their quotes concentrated at
1:00 GMT (11am Sydney time). This is consistent with the BIS survey evidence that
suggests significant non-Australian quoting of the spot AUD/USD with much of the price
formation occurring in offshore markets.
(Insert Table 3 about here)
There were 216 price quotes without a quoting bank code recorded. These observations
were removed from the dataset leaving 29784 observations. There was also one incorrect
price quote recorded (18/5/2000 6:36:38) where the recorded spread between the bid and
the ask was 50 basis points instead of 5 basis points. The quoting bank (NABM) corrected
the price with a subsequent 5 basis point price quote. This adjustment left 29,783
observations. In the analysis the 14 Saturday price quotes were removed and a continuous
time stream of 36 days was created with each week commencing at around 11am GMT
Sunday and ending at around 22.00pm GMT Friday. There were also a number of quotes,
which had a time gap of more than 1.5 hours to the next quote. Including these
observations, which occurred in late Friday or very early Sunday trading would have
created aberrations in the subsequent return calculations. These observations were
removed leaving 29,729 observations.
3. Estimating Returns and the Effects of Informed Trading
The approach adopted in this paper is to demonstrate variation in return and volatility
across the trading day and week and by market participant. The first step involves a
decision being made to accommodate the irregularity of the time intervals between quotes.
The simplest way of treating this issue is to consider transaction time separately to clock
time; see Goodhart and O’Hara (1997) for a discussion. A number of authors (Dufour and
Engle, 1999) argue that the time between trades, which is a measure of trading activity,
affects market price behaviour. One theory consistent with this approach is termed the
mixture of distributions hypothesis (see Melvin and Yin, 1998) which views the variability
of security prices as arising from differences in information arrival rates. Consequently we10
maintain the clock time of the series and measure the actual change in time between
quotes (t) based on a fraction of a 24 hour day (for example 12 noon would be 0.50000
and 13:00 would be 0.54167 such that t =0.04167).
There are also a number of different approaches to estimating the return on tick data. The
simplest method involves the raw return, which is simply the difference in price between 2
quotes (Qi-Qi+1) divided by the initial price (Qi) where the price is the midrate of a market
quote and where the time between Qi and Qi+1=  ti. That is Ri = (Qi-Qi+1) / (Qi). Returns
may also be expressed as logarithms (logRi = log(Qi ) – (Qi+1)) while the return may also
be expressed as an absolute return. Anderson and Bollerslev (1996) argue in favour of
logarithmic  normalised returns since this transformation induces normality in the time
series by minimising kurtosis. Since our approach is to determine the degree of variation
between positive (negative) returns following the introduction of a quote into the market
by different institutions, we report logarithmic returns adjusted for the t interval between 2
quotes multiplied by 10000 (to improve the reporting of the statistics), that is the adjusted
Return = Ri * ti*10000. We determine the returns over a number of quote intervals (i =1,
2, 5, 10 and 20). When the interval is one quote the series has a mean of 0.024, a median
of 0.0000 and a standard deviation of 1.871. As expected the series is also leptokurtic and
fails Anderson-Darling tests for normality, however as the interval return increases from 1
to 20 quotes, the leptokurtosis decreases from 2922 to 306.74. This is attributed to the
inability of traders to sustain private information over a long time horizon.
In order to determine the relationship between the potential return to a quoting bank after
placing a quote in the market it is necessary to flag whether the midrate of the new quote
was above or below the previous quote in the marketplace. In effect a change in the
midrate provides a signal to the market as to the inventory level of the quoting bank. This
behaviour is expected for a price making bank since they are able to control inventory
fluctuations arising from order flow by adjusting price. For example a price making bank
which has just been sold Australian dollars would be expected to lower their offer (ask
price) on their next quote in the market. If a bank then buys Australian dollars the profit to
the price-maker is based on the spread. Alternately the quoting bank may be an informed
trader and choose to adjust price on the basis of private information as occurs when the
order-flow arises from non-dealers such as corporate customers. An informed trader rather11
than profiting from transactions around the spread will profit by market prices adjusting to
new private information. However in order for prices to adjust, this private information
must be communicated to other dealers. Therefore the success of an informed trader’s
strategy may be revealed by the extent that their quote leads subsequent quotes with the
effect being measured by the subsequent returns in the series following the placing of the
quote in the market.
Consider a series of midrate quotes (Q0 to Qn), each separated by an irregular time interval
tn. We allow the quote made by the trader to take three values based on his trading
intentions (-1, 0, +1). This trade proxy takes the value of  –1 when the new quote (Qn) is
below the previous quote (Qn+1), +1 if the new quote is above the previous quote, and zero
if the quote has the same midrate. These relationships are illustrated in Figure 2. The
percentage of new quotes, which are unchanged from earlier quotes, is frequently used as a
proxy for market activity (e.g. Goodhart and Figliuoli, 1991). To investigate these
relationships first we examine the quote series by cross-tabulating the time of day in hours
with the frequency of the three trade proxies. The results from this cross-tabulation suggest
significant statistical variation (a chi-squared or c
2 = 210.8, p-value 0.000), which is also
consistent with varying levels of activity across the trading day.
(Insert Table 4, Insert Figure 2 about here)
The number of no-change quotes is reported in the following Table 4. The periods with the
least number quotes of them (GMT 7:00, 9:00, 15:00, and 21:00) are associated with the
opening and closing of key markets. For example GMT 7:00 is the close of the Asian
markets, GMT 9:00 is the opening of London, GMT is the opening of the US market while
GMT 21:00 is the close of the US market. Also reported in this Table is the mean arrival
time between quotes (mQ) and the standard deviation (sQ) of the arrival time for each hour
in the day. The F-statistic based on a one-way ANOVA (Analysis of Variance) suggests
significant statistical variation with the period of greatest quote arrivals being the period
from 12:00 to 15:00 GMT which is the period of overlap between London afternoon
trading and early morning US trading. It is interesting to note that the last few hours of
trading have few and infrequent quotes with a high standard deviation of arrival. These
relationships are very clear which Figure 3, which plots the mean quote arrival time across12
the 24 hour trading day. The last two columns in the Table record the mean and standard
deviation of returns between consequent quotes pooled at hourly intervals. The return
standard deviation for each hour is plotted in Figure 3.
(Insert Figure 3 about here)
Figure 4 displays the typical “U-shaped” volatility pattern that has been observed in other
FX markets. The trading day is also associated with statistically significant differences in
the mean hourly returns, with the mean hourly returns between quotes being close to zero
and distinctly negative at 0:00 (-0.366) and 20 (-0.766) to 21 (-1.203). This situation
would occur if consecutive quotes tended to be lower (i.e. the quoting institutions are
indicating they are sellers of AUD). The volatility appears to be greatest at the beginning
of Australian trading and the end of US trading (19:00-22:00) though there are also spikes
at the Asian, London and US market open. Interestingly the end of day trading also
coincides with the period of least quotes, though this last period also has a very low
percentage of no-change quotes. It appears that participants are conscious of the
information signaling effects of their quotes. While price volatility at the end of trading
may be explained due to liquidity effects, volatility at the start of trading in the Australian,
Asian and London markets is likely to be due to information seeking activities of
uninformed traders. These traders would be expected to congregate when trading costs are
least (Goodhart and O’Hara, 1997).
(Insert Figure 4 about here)
4. Heterogeneity in the AUD/USD FX Market
While participants in the AUD/USD FX market may be easily classified by quote
frequency a more useful classification would be on the extent that the quotes they offer the
market are indicative of informed or uninformed trading. The trade proxy, which indicates
whether the new quote is higher, lower or the same as the previous quote, may be matched
with the return in the market over the subsequent quote intervals. We calculate returns
over 2, 5, 10 and 20 quote intervals and match the sign of this return (either +1 or –1 if the
return is positive or negative) with the initial trade to provide a proxy for informed or
uninformed trading. An informed trader trader’s quote will be either higher (+1) or lower13
(-1) than the proceeding quote depending on whether they are intending to buy or sell. The
subsequent return for an informed trader should be either positive if they were a buyer or
negative if they were a seller. If the trade is not successful then a positive trade will
produce a negative return and vice versa. This produces the following combinations  (+1,
+1), (-1,-1), (+1,-1), (-1,+1) which are summed and treated as an absolute value to produce
the proxy for uniformed trading (0), informed trading (2). The no-change initial quotes
have the proxy 1 since they subsequently can have either a positive or negative return.
These relationships are provided in Figure 5.
(Insert Figure 5 about here)
The sustainability of informed and uninformed quotes over the subsequent return intervals
are presented in the following Table 5. There it is shown to be possible to divide quotes
into either informed or uninformed quotes. There are a number of observations possible
from this table. First it appears that informed traders tend to traders who believe they are
informed appear to initiate trades. In a market where professionalism dictates that
participants make two-way prices, informed traders would be expected to attempt to profit
from an information advantage. Second, notwithstanding this information advantage, it is
clear from the Table that the price discovery process works very efficiently such that the
economic gain possible from private information over 2 to 5 quotes, is rapidly eroded by
20 quotes as other new information enters the market. This new information would also
include the actions of the informed trader. This suggests that convergence to “uninformed”
status happens very quickly. Also those uninformed traders become more informed over
the 20 quote interval. Eventually after 20 quotes the market is more evenly divided into
informed and uninformed traders.
(Insert Table 5 about here)
No less revealing is the possibility to determine the degree that quoting by institutions may
be categorised as either informed or uninformed trading. Figure 6 plots the returns over a
20 quote interval from the 88 quoting institutions classified according to the mean degree
of their informedness. Most institutions are clustered near the mean of 1 with very close to
zero returns. This is consistent with a zero-sum game to trading activities unless there is14
private information. Only a very small number of institutions appear to have consistently
earned high returns. Though not apparent from this figure, these traders are also infrequent
quoters.
(Insert Figure 6 about here)
More detailed results are presented in Table 6 which classifies the institutions degree of
informed and uniformed quoting over the 20 quote return horizon. From the original set of
88 quoting institutions, those with less than 100 quotes (60 banks) over the sample period
were removed from subsequent ranking. Remaining institutions were then ranked
according to the mean of the information variable. The 10 highest scores are reported in
Table 6 along with the mean score for the sign of the trades and the mean return over 20
quotes following their quote being placed in the market. An ANOVA of equality of the
means for the overall sample (F-statistic of 1.30) was rejected at the 95% level suggesting
there was statistically significant variation in these scores. There was also statistically
significant differences in the mean of trading (some institutions were consistently more
sellers than buyers of currency) and the return from trading (F-statistic of 4.50 and 34.95
respectively).
(Insert Table 6 about here)
The most informed bank (m Informed of 1.2308) was ANZ Singapore (ANZS) branch
which provided 117 quotes over the sample period. The “informed” variable ranged from
two (most informed) to zero, where zero represents an uniformed bank. Both these
extremes were associated with very infrequent quoting banks.More infomration on
specific banks is provided in Apendix 2 and 3. ANZ Singapore’s quotes tended to be
below existing quotes (m Trade of –0.0256), which suggested they were net sellers of
Australian dollars over the sample period. The standard deviation of trades was the second
lowest suggesting there was little variation in this pattern. The potential economic gain
from this activity was a return of -0.036. This may be compared with Barclays Group
London (BGFX), which was one of the major price quoters in the spot market, which only
showed a very low return. This is consistent with a market making institution discovering15
price sensitive information from the market by the markets responses to their pricing and
trading activities. To achieve this requires frequent quoting and market interaction.
5. Concluding Remarks.
The study focused on comparing the differences in returns and return volatility in the spot
AUD/USD across the trading day and week based on high frequency data from the FXFX
pages of Reuters. The sample covered tick data from the 5
th May 2000 to the 15 June
2000. A key objective was to examine the trading behaviour of quoting institutions to
establish the extent that the market could be easily subdivided into informed, uninformed
and market making institutions.
Examination of the data suggests that quote arrival varies across the trading week with the
most quotes on Tuesday and the least on Friday. There were also differences in the total
number of quotes across the trading day as the Asian, European and US markets opened.
The most dense quote period is late afternoon London as the US markets open. The
frequency of quote arrival also varied with the longest time between quotes during the late
afternoon trading in the US just prior to the opening of the Australian markets. There was
also evidence of significant concentration of quotes into a small number of market makers
with the top ten institutions providing 76.6% of quotes during the period. Most of these
banks were London based with only one Australian bank, Westpac in this category.
We also provide evidence of the heterogeneous nature of the market into informed and
uninformed traders and market makers. Market makers appear to rely on frequent quoting
to achieve the information advantage otherwise possessed by informed traders. Clearly
more complex econometric analysis is possible. This could include a more detailed
examination of the forecasting of return volatility using alternative measures.
Attention is drawn to the discontinuities across the trading day as revealed most clearly in
Figure 1. There are lengthy periods when quotes are relatively few as in the closing hours
of US trading through to the commencement of trading in Asia. An important feature is the
comparatively thin market when Australia is alone open. These “thin” times offer
opportunities for speculative shifts in rates. This is attested by the “U-shaped” distribution
of volatility over the “day”; Figure 2 bears witness to the possibility.16
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Table 1
Time Conversion between Greenwich Mean Time (GMT) London and






D 0:00 D-1 19:00 D 9:00 D 10:00
D 3:00 D-1 22:00 D 12:00 D 13:00
D 9:00 D 4:00 D 18:00 D 19:00
D 14:00 D 9:00 D 23:00 D 24:00
D 22:00 D 17:00 D+1 7:00 D+1 8:00
Table 2
Spot AUD/USD Quote Frequency on each Weekday
(Sample Period 5 May 2000 to 15 June 2000)
Total Number of
Quotes
Percent of Total Number of days Average Quotes per
day
Monday 5594 18.78 6 932
Tuesday 6716 22.55 6 1119
Wednesday 6530 21.93 6 1088
Thursday 5334 17.91 6.03888 883
Friday 5229 17.56 6.40903 815
Saturday 14 0.05 6 3
Sunday 366 1.23 6 73
Total 29,783 100 42.43 70121
Table 3
Top Ten Quoting Banks: Coverage and Concentration of Quotes









Barclays Bank London BGFX 1 8373 17 12:00 (9.9%)
CIBC Toronto CIBT 2 2551 19 12:00 (12.4%)
Westpac Sydney WBCA 3 2155 16 1:00 (12.66%)
Westpac London WBCL 4 1868 16 12:00 (12.6%)
Rabobank London RAB1 5 1813 12 12:00 (8.9%)
Danske Bank Copenhagen DDBX 6 1373 12 12:00 (14.7%)
Citibank New York CINX 7 1250 19 12:00 (15.7%)
ANZ London ANZX 8 1052 13 8:00 (14.6%)
Bank Austria Vienna BAUA 9 925 24 11:00 (13.0%)
Royal Bank of Canada
Toronto
RBCT 10 804 24 12:00 (13.3%)
St. George Bank Sydney SGBS 11 607 10 1:00 (21.9%)
Note: Total Quotes was 29729 and these top ten banks contributed 22,771 or 76.6%.22
Table 4
Quote Arrivals, No-Change Quotes and Returns Over the Trading Day
(5 May 2000 to 15 June 2000)
Hour N No-Change No-change (%) mQ sQ mR sR
0 520 72 13.85 28.82 38.15 -0.366 7.476
1 2297 208 9.06 18.27 30.92 -0.034 2.294
2 2024 161 7.95 20.26 38.48 -0.007 0.941
3 1425 119 8.35 28.51 57.58 0.004 1.713
4 1318 152 11.46 33.77 61.43 -0.048 1.582
5 1354 118 8.71 31.10 40.93 0.014 0.969
6 2287 172 7.52 18.00 25.40 0.003 0.680
7 2028 136 6.71 19.49 36.07 0.021 1.162
8 1778 149 8.38 22.89 49.19 0.033 1.451
9 1568 100 6.38 28.37 69.09 -0.117 2.740
10 1672 134 8.01 24.17 38.51 -0.048 1.296
11 2138 208 9.73 19.65 34.73 0.013 1.069
12 2940 267 9.08 13.54 20.60 -0.009 1.641
13 1195 131 10.88 12.47 14.00 -0.004 0.381
14 1164 115 9.88 12.97 14.75 -0.008 0.389
15 1054 71 6.74 14.20 17.00 0.008 0.514
16 810 66 8.15 18.20 20.24 -0.001 0.633
17 508 71 13.98 29.04 31.76 0.005 0.814
18 283 65 22.97 51.29 45.38 0.047 1.249
19 176 31 17.61 93.32 122.46 0.14 3.880
20 133 16 12.03 132.50 142.97 -0.766 4.587
21 203 11 5.42 89.95 131.04 -1.203 7.147
22 271 25 9.23 58.46 74.60 0.216 1.999
23 583 43 7.38 28.41 52.29 0.045 1.268







The Table reports the average number of quotes (N) received across the 24 hour trading day. The actual
number of no-change quotes and this number expressed as a percentage of N is also reported. A complete list
of banks’ trade status (buy, sell and no-change) is provided in Appendix 1. The column labeled mQ is the
mean arrival time in seconds between consecutive quotes (Qi and Q i+1) while sQ is the pooled standard
deviation of the arrival time each hour. The column labeled mR represents the mean return, while sR is the
standard deviation of return for each hour. The F-statistic reported is from a one-way analysis of variance
(ANOVA) which tests for equality of means across the 24 hours. The F-test p-value indicates that there is
significant evidence at the 99.9% level of differences among the means of arrival time, but not for returns.23
Table 5
Informed Trading Over Varying Return Intervals









0 7833 26.35% 10470 35.22% 11636 39.14% 12352 41.55%
2 19255 64.77% 16618 55.90% 15452 51.98% 14736 49.57%
Note N=29729, there were 2641 no-change quotes which were not included in the analaysis.
Table 6
Quoting Institutions with the Highest Scores for Informed Trading
(5 May 2000 to 15 June 2000)
Ten Most Informed Banks m Inform sInform N Quotes m Trade sTrade m Return sReturn
ANZ Singapore 1.231 0.845 117 -0.026 0.876 -0.036 .0.329
State Bank of NSW Sydney 1.170 0.967 354 0.192 0.962 1.021 8.938
ANZ Melbourne 1.128 0.976 289 0.232 0.957 0.503 3.487
Barclays London 1.121 0.983 8373 0.018 0.990 0.002 0.043
Rabobank London 1.120 0.939 1813 -0.107 0.940 0.001 0.012
Royal Bank of Canada Toronto 1.111 0.863 803 -0.004 0.870 0.441 4.642
HSBC London 1.098 0.937 439 -0.084 -0.084 0.000 0.023
Chase Australia Sydney 1.098 0.937 287 -0.132 0.933 0.068 1.507
Westpac Sydney 1.094 0.962 2155 0.063 0.965 0.233 2.843
St George Bank Sydney 1.088 0.954 607 -0.313 0.905 0.108 1.650
F-statistic 1.30 4.50 34.95
p-value 0.032 0.000 0.000
Note: 
(i) The Table is based on a ranking of the informed status of quoting banks over a 20 quote return
interval. The mean of this variable was 1.0802 and the standard deviation was 0.9512. The mean of
the 20 quote return was 0.0014 and the standard deviation was 0.2590.
(ii) The significance of the results (collectively and individually) was not changed if the no-change
quotes were excluded from the analysis, the ranking did however change slightly.
(iii) This Table only includes banks that quoted more than 100 quotes over the sample period.
(iv) All the means reported were statistically significant based on a one-way ANOVA. The  F-
statistics and the associated p-values are reported in the last row.
(v) More details on individual banks are provided in the Appendix 2.24
Figure 1
Plot of the Total Number of Quotes Across the Trading Day
(Sample Period 5 May 2000 to 15 June 2000)
Figure 2
Defining Whether a Trader is a Buyer or a Seller based on Market Quotes25
Figure 3
Average Arrival Time between Spot AUD/USD Quotes in Seconds
Across the Trading Day
(5 May 2000 to 15 June 2000)
Figure 4
Plot of the Adjusted AUD/USD Return Volatility Across the Trading Day
(5 May 2000 to 15 June 2000)26
Figure 5
Price Quotes and Informed and Uninformed Trading
Figure 4
Informed Traders and Average Returns Over 20 Quotes.
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 APPENDIX 1
Frequency of Buy, Sell and No-Change Quotes (Trade Variable) by Quoting Bank
(5 May to 15 June 2000)









ABSY 3 0 1 4
75 -- 25 100
ANZH 13 14 10 37
35.14 37.84 27.03 100
ANZM 106 10 173 289
36.68 3.46 59.86 100
ANZQ 29 12 19 60
48.33 20 31.67 100
ANZS 46 28 43 117
39.32 23.93 36.75 100
ANZW 3 0 7 10
30 -- 70 100
ANZX 439 177 436 1052
41.73 16.83 41.44 100
BAON 1 0 0 1
100 -- -- 100
BAUA 333 129 462 924
36.04 13.96 50 100
BBNG 2 2 9 13
15.38 15.38 69.23 100
BCIS 13 8 14 35
37.14 22.86 40 100
BDRH 227 25 225 477
47.59 5.24 47.17 100
BGFX 4029 165 4179 8373
48.12 1.97 49.91 100
BLHL 10 4 8 22
45.45 18.18 36.36 100
BMCH 1 0 0 1
100 -- -- 100
BNL1 5 8 7 20
25 40 35 100
BNLA 22 6 21 49
44.9 12.24 42.86 100
BNLL 3 11 0 14
21.43 78.57 -- 100
BNPR 6 0 5 11
54.55 -- 45.45 100
BNPT 2 0 0 2
100 -- -- 100
BNZW 40 7 38 85
47.06 8.24 44.71 100
BOAS 4 1 7 12
33.33 8.33 58.33 100
BOEB 6 0 11 17
35.29 -- 64.71 10028
BRO1 37 43 24 104
35.58 41.35 23.08 100
CBAA 21 12 17 50
42 24 34 100
CBAM 5 2 1 8
62.5 25 12.5 100
CBHK 2 1 3 6
33.33 16.67 50 100
CHAA 146 33 108 287
50.87 11.5 37.63 100
CHSQ 2 4 3 9
22.22 44.44 33.33 100
CIBB 1 0 1 2
50 -- 50 100
CIBT 1044 452 1055 2551
40.93 17.72 41.36 100
CINX 630 112 508 1250
50.4 8.96 40.64 100
CISY 12 4 13 29
41.38 13.79 44.83 100
CMBN 4 0 14 18
22.22 -- 77.78 100
CRIS 14 0 29 43
32.56 -- 67.44 100
CTTI 3 0 0 3
100 -- -- 100
DBSX 64 21 60 145
44.14 14.48 41.38 100
DDBX 611 149 613 1373
44.5 10.85 44.65 100
DEUA 111 39 117 267
41.57 14.61 43.82 100
DHBH 11 11 5 27
40.74 40.74 18.52 100
DLJX 0 0 1 1
-- -- 100 100
DRSA 28 0 45 73
38.36 -- 61.64 100
GTCX 10 5 18 33
30.3 15.15 54.55 100
HHMB 0 0 1 1
-- -- 100 100
HKBK 112 17 141 270
41.48 6.3 52.22 100
HKCT 2 1 1 4
50 25 25 100
HSBA 80 12 74 166
48.19 7.23 44.58 100
HSHK 23 2 17 42
54.76 4.76 40.48 100
INDN 1 0 6 7
14.29 -- 85.71 100
JFHK 2 2 4 829
25 25 50 100
KRBL 9 15 2 26
34.62 57.69 7.69 100
LIST 11 3 7 21
52.38 14.29 33.33 100
MAQA 255 39 250 544
46.88 7.17 45.96 100
MBBX 1 0 6 7
14.29 -- 85.71 100
MELP 0 0 1 1
-- -- 100 100
MLBS 5 0 1 6
83.33 -- 16.67 100
MLLN 2 0 1 3
66.67 -- 33.33 100
MMDB 254 37 104 395
64.3 9.37 26.33 100
MMWB 213 50 176 439
48.52 11.39 40.09 100
NABM 73 32 60 165
44.24 19.39 36.36 100
NABN 1 0 1 2
50 -- 50 100
NABQ 7 1 5 13
53.85 7.69 38.46 100
NABS 3 0 3 6
50 -- 50 100
NABX 53 5 23 81
65.43 6.17 28.4 100
NATA 228 36 307 571
39.93 6.3 53.77 100
NTCC 2 1 3 6
33.33 16.67 50 100
NTCS 17 2 26 45
37.78 4.44 57.78 100
NWBP 276 37 263 576
47.92 6.42 45.66 100
NWHK 0 2 1 3
-- 66.67 33.33 100
PBNY 7 1 15 23
30.43 4.35 65.22 100
RAB1 908 191 714 1813
50.08 10.54 39.38 100
RBCT 305 196 302 803
37.98 24.41 37.61 100
RBOZ 13 6 16 35
37.14 17.14 45.71 100
SBNS 136 14 204 354
38.42 3.95 57.63 100
SCNY 5 2 1 8
62.5 25 12.5 100
SCRS 7 1 8 16
43.75 6.25 50 10030
SGBS 371 51 182 604
61.42 8.44 30.13 100
SLKX 0 0 1 1
-- -- 100 100
SUNM 8 0 5 13
61.54 -- 38.46 100
TDAA 12 9 19 40
30 22.5 47.5 100
TDFX 17 2 18 37
45.95 5.41 48.65 100
TMAS 15 7 1 23
65.22 30.43 4.35 100
UBSN 5 2 15 22
22.73 9.09 68.18 100
UOBX 0 5 18 23
-- 21.74 78.26 100
WBCA 935 142 1071 2148
43.53 6.61 49.86 100
WBCL 925 175 768 1868
49.52 9.37 41.11 100
WBCN 255 48 281 584
43.66 8.22 48.12 100
WLNY 0 0 2 2
-- -- 100 100
All 13653 2641 13435 29729
  45.92 8.88 45.19 10031
 Appendix 2
Informed Quoting and Returns by Banks Including No-change Quotes Over a 20 and
5 Period Interval in Alphabetical Order
(5 May to 15 June 2000)
Level N Inform(20) SD (20) Inform(5) SD(5) Return(20) SD Return(20) Trade SD Trade
ABSY 4 1 1.1547 1.5 1 -17.9 30.9 -0.5 1
ANZH 37 1.1351 0.7875 1.1892 0.776 -18.7 115.4 -0.0811 0.7951
ANZM 289 1.128 0.9759 1.2734 0.9454 50.3 348.7 0.2318 0.9565
ANZQ 60 0.8667 0.8919 1.0333 0.9013 49.1 326.4 -0.1667 0.8862
ANZS 117 1.2308 0.8447 1.1795 0.8572 -3.6 32.9 -0.0256 0.8755
ANZW 10 1 1.0541 1.2 1.0328 37.2 136.2 0.4 0.9661
ANZX 1052 1.0599 0.9105 1.174 0.8957 0.1 1.8 -0.0029 0.9124
BAON 1 2 0 2 0 -2.5 0 -1 0
BAUA 924 1.0617 0.926 1.1699 0.9124 23 291.4 0.1396 0.9175
BBNG 13 1.0769 0.9541 1.2308 0.9268 -0.8 2.2 0.5385 0.7763
BCIS 35 1.2 0.8677 1.2571 0.8521 31.3 651.3 0.0286 0.8907
BDRH 477 1 0.9745 1.1887 0.956 0.8 6.2 -0.0042 0.9745
BGFX 8373 1.1209 0.9828 1.2885 0.9472 0.2 4.3 0.0179 0.99
BLHL 22 0.7273 0.8827 0.9091 0.9211 1.3 3.3 -0.0909 0.9211
BMCH 1 2 0 2 0 -3 0 -1 0
BNL1 20 1.1 0.7881 1 0.7947 0 1.8 0.1 0.7881
BNLA 49 1.1429 0.9354 1.1837 0.9281 145.1 714.1 -0.0204 0.9463
BNLL 14 1.0714 0.4746 1.0714 0.4746 0.1 2.2 -0.2143 0.4258
BNPR 11 1.2727 1.009 1.6364 0.809 1 2.8 -0.0909 1.0445
BNPT 2 0 0 1 1.4142 5.3 1.1 -1 0
BNZW 85 1.0471 0.9625 1.1647 0.9493 27 141.9 -0.0235 0.9633
BOAS 12 1.0833 0.9962 1.0833 0.9962 -2.2 9.1 0.25 0.9653
BOEB 17 0.8235 1.0146 1.4118 0.9393 -3.9 7.9 0.2941 0.9852
BRO1 104 1.0673 0.7666 0.9904 0.7695 -0.5 2.3 -0.125 0.7592
CBAA 50 1.16 0.8657 1.12 0.8722 27.3 373.1 -0.08 0.8769
CBAM 8 1 0.9258 1.25 0.8864 2.5 3 -0.5 0.7559
CBHK 6 0.5 0.8367 1.1667 0.9832 7.8 11.4 0.1667 0.9832
CHAA 287 1.0976 0.9373 1.1254 0.934 6.8 150.7 -0.1324 0.933
CHSQ 9 1.1111 0.7817 1.3333 0.7071 5.2 43.4 0.1111 0.7817
CIBB 2 1 1.4142 1 1.4142 -0.3 0.1 0 1.4142
CIBT 2551 1.0498 0.9059 1.1595 0.8931 22.9 308.6 0.0043 0.9073
CINX 1250 1.0432 0.9536 1.1744 0.9385 31 336 -0.0976 0.9495
CISY 29 0.8966 0.939 1.1034 0.939 -23.5 182.1 0.0345 0.9443
CMBN 18 1 1.029 1.7778 0.6468 217.9 957.2 0.5556 0.8556
CRIS 43 1.2093 0.9894 1.4884 0.883 0 1.6 0.3488 0.9483
CTTI 3 1.3333 1.1547 2 0 -1.3 3.2 -1 0
DBSX 145 1.069 0.9254 1.2483 0.8939 0 5.9 -0.0276 0.9275
DDBX 1373 1.0131 0.9444 1.1398 0.9341 0.1 2.1 0.0015 0.9445
DEUA 267 1.0524 0.9243 1.2996 0.8758 5.3 81.3 0.0225 0.9255
DHBH 27 0.9259 0.7808 0.9259 0.7808 -0.2 2.3 -0.2222 0.7511
DLJX 1 2 0 0 0 0.6 0 1 0
DRSA 73 1.0411 1.0061 1.2055 0.9854 25.9 110.9 0.2329 0.9792
GTCX 33 1.1818 0.917 1.1818 0.917 257.7 707.2 0.2424 0.9024
HHMB 1 0 0 2 0 -0.3 0 1 0
HKBK 270 1.0704 0.9672 1.1593 0.9566 -24 197.7 0.1074 0.963832
HKCT 4 0.25 0.5 0.75 0.9574 5.7 18.3 -0.25 0.9574
HSBA 166 1.0602 0.9642 1.2048 0.944 93.3 575.8 -0.0361 0.9654
HSHK 42 0.9048 0.983 1.1905 0.9687 1.8 414.6 -0.1429 0.9771
INDN 7 0.5714 0.9759 0.2857 0.7559 -0.6 0.8 0.7143 0.7559
JFHK 8 0.5 0.7559 1 0.9258 72 215.8 0.25 0.8864
KRBL 26 1.0385 0.6622 0.8846 0.6528 0.1 1.9 -0.2692 0.6038
LIST 21 0.619 0.8646 0.8095 0.9284 893.2 2638.7 -0.1905 0.9284
MAQA 544 1.057 0.9627 1.1121 0.9578 2.7 388.5 -0.0092 0.9643
MBBX 7 0.8571 1.069 0.5714 0.9759 -0.7 1 0.7143 0.7559
MELP 1 2 0 2 0 104.1 0 1 0
MLBS 6 1 1.0954 1.6667 0.8165 642.2 703.5 -0.6667 0.8165
MLLN 3 1.3333 1.1547 1.3333 1.1547 -1.7 0.6 -0.3333 1.1547
MMDB 395 1.0152 0.9531 1.1367 0.9433 -0.2 1.8 -0.3797 0.8741
MMWB 439 1.0979 0.9373 1.1617 0.9284 0 2.3 -0.0843 0.9386
NABM 165 0.9576 0.8995 1.103 0.8946 29.9 441.9 -0.0788 0.8971
NABN 2 1 1.4142 1 1.4142 -28 5.8 0 1.4142
NABQ 13 0.8462 0.9871 1.1538 0.9871 3359.7 1560.1 -0.1538 0.9871
NABS 6 1.3333 1.0328 1.3333 1.0328 1.8 3.6 0 1.0954
NABX 81 0.8765 0.9667 1.1728 0.959 0 2.5 -0.3704 0.9006
NATA 571 1.0403 0.968 1.1699 0.9538 50.7 451.9 0.1384 0.9589
NTCC 6 0.5 0.8367 0.1667 0.4082 0.3 2 0.1667 0.9832
NTCS 45 1.2444 0.9572 1.2889 0.9444 0.4 2.6 0.2 0.9677
NWBP 576 1.0503 0.9669 1.0469 0.9671 0.3 2.1 -0.0226 0.9679
NWHK 3 1.3333 0.5774 1.3333 0.5774 1.4 3.1 0.3333 0.5774
PBNY 23 0.6522 0.9346 0.7391 0.9638 -0.8 1.9 0.3478 0.9346
RAB1 1813 1.1202 0.9384 1.203 0.9241 0.1 1.2 -0.107 0.94
RBCT 803 1.1108 0.8629 1.1656 0.854 44.1 464.2 -0.0037 0.87
RBOZ 35 1.0286 0.9231 1.0857 0.9194 312.6 1168.2 0.0857 0.9194
SBNS 354 1.1695 0.9666 1.2429 0.9508 102.1 893.8 0.1921 0.9624
SCNY 8 1.25 0.8864 1.5 0.7559 724.2 2057.3 -0.5 0.7559
SCRS 16 0.9375 0.9979 1.0625 0.9979 -48.7 268.6 0.0625 0.9979
SGBS 604 1.0877 0.9536 1.2334 0.9287 10.8 165 -0.3129 0.905
SLKX 1 2 0 2 0 2 0 1 0
SUNM 13 1.2308 1.0127 0.7692 1.0127 -0.4 4.9 -0.2308 1.0127
TDAA 40 1.225 0.8619 1.175 0.8738 3.6 74.9 0.175 0.8738
TDFX 37 0.973 0.9856 1.0811 0.9826 -2 37.3 0.027 0.9856
TMAS 23 1.1739 0.8341 1 0.8528 37.7 818.4 -0.6087 0.583
UBSN 22 1.4545 0.8579 1.2727 0.9351 -3 15.3 0.4545 0.8579
UOBX 23 1.087 0.9002 0.7391 0.8643 1.5 9.4 0.7826 0.4217
WBCA 2148 1.094 0.962 1.2318 0.9384 23.3 284.3 0.0633 0.9645
WBCL 1868 1.0584 0.9505 1.1815 0.9348 0.1 2 -0.084 0.9485
WBCN 584 1.0137 0.9587 1.161 0.9452 3.1 88.5 0.0445 0.9578
WLNY 2 2 0 1 1.4142 0.7 0.4 1 033
Appendix 3
Informed Quoting and Returns by Banks Including No-change Quotes Over a 20 and
5 Period Interval Ranked by Informed Trading
(5 May to 15 June 2000)
Level N Inform(20) SD (20) Inform(5) SD(5) Return(20) SD Return(20) Trade SD Trade
BAON 1 2 0 2 0 -2.5 0 -1 0
BMCH 1 2 0 2 0 -3 0 -1 0
DLJX 1 2 0 0 0 0.6 0 1 0
MELP 1 2 0 2 0 104.1 0 1 0
SLKX 1 2 0 2 0 2 0 1 0
WLNY 2 2 0 1 1.4142 0.7 0.4 1 0
UBSN 22 1.4545 0.8579 1.2727 0.9351 -3 15.3 0.4545 0.8579
CTTI 3 1.3333 1.1547 2 0 -1.3 3.2 -1 0
MLLN 3 1.3333 1.1547 1.3333 1.1547 -1.7 0.6 -0.3333 1.1547
NABS 6 1.3333 1.0328 1.3333 1.0328 1.8 3.6 0 1.0954
NWHK 3 1.3333 0.5774 1.3333 0.5774 1.4 3.1 0.3333 0.5774
BNPR 11 1.2727 1.009 1.6364 0.809 1 2.8 -0.0909 1.0445
SCNY 8 1.25 0.8864 1.5 0.7559 724.2 2057.3 -0.5 0.7559
NTCS 45 1.2444 0.9572 1.2889 0.9444 0.4 2.6 0.2 0.9677
ANZS 117 1.2308 0.8447 1.1795 0.8572 -3.6 32.9 -0.0256 0.8755
SUNM 13 1.2308 1.0127 0.7692 1.0127 -0.4 4.9 -0.2308 1.0127
TDAA 40 1.225 0.8619 1.175 0.8738 3.6 74.9 0.175 0.8738
CRIS 43 1.2093 0.9894 1.4884 0.883 0 1.6 0.3488 0.9483
BCIS 35 1.2 0.8677 1.2571 0.8521 31.3 651.3 0.0286 0.8907
GTCX 33 1.1818 0.917 1.1818 0.917 257.7 707.2 0.2424 0.9024
TMAS 23 1.1739 0.8341 1 0.8528 37.7 818.4 -0.6087 0.583
SBNS 354 1.1695 0.9666 1.2429 0.9508 102.1 893.8 0.1921 0.9624
CBAA 50 1.16 0.8657 1.12 0.8722 27.3 373.1 -0.08 0.8769
BNLA 49 1.1429 0.9354 1.1837 0.9281 145.1 714.1 -0.0204 0.9463
ANZH 37 1.1351 0.7875 1.1892 0.776 -18.7 115.4 -0.0811 0.7951
ANZM 289 1.128 0.9759 1.2734 0.9454 50.3 348.7 0.2318 0.9565
BGFX 8373 1.1209 0.9828 1.2885 0.9472 0.2 4.3 0.0179 0.99
RAB1 1813 1.1202 0.9384 1.203 0.9241 0.1 1.2 -0.107 0.94
CHSQ 9 1.1111 0.7817 1.3333 0.7071 5.2 43.4 0.1111 0.7817
RBCT 803 1.1108 0.8629 1.1656 0.854 44.1 464.2 -0.0037 0.87
BNL1 20 1.1 0.7881 1 0.7947 0 1.8 0.1 0.7881
MMWB 439 1.0979 0.9373 1.1617 0.9284 0 2.3 -0.0843 0.9386
CHAA 287 1.0976 0.9373 1.1254 0.934 6.8 150.7 -0.1324 0.933
WBCA 2148 1.094 0.962 1.2318 0.9384 23.3 284.3 0.0633 0.9645
SGBS 604 1.0877 0.9536 1.2334 0.9287 10.8 165 -0.3129 0.905
UOBX 23 1.087 0.9002 0.7391 0.8643 1.5 9.4 0.7826 0.4217
BOAS 12 1.0833 0.9962 1.0833 0.9962 -2.2 9.1 0.25 0.9653
BBNG 13 1.0769 0.9541 1.2308 0.9268 -0.8 2.2 0.5385 0.7763
BNLL 14 1.0714 0.4746 1.0714 0.4746 0.1 2.2 -0.2143 0.4258
HKBK 270 1.0704 0.9672 1.1593 0.9566 -24 197.7 0.1074 0.9638
DBSX 145 1.069 0.9254 1.2483 0.8939 0 5.9 -0.0276 0.9275
BRO1 104 1.0673 0.7666 0.9904 0.7695 -0.5 2.3 -0.125 0.7592
BAUA 924 1.0617 0.926 1.1699 0.9124 23 291.4 0.1396 0.9175
HSBA 166 1.0602 0.9642 1.2048 0.944 93.3 575.8 -0.0361 0.9654
ANZX 1052 1.0599 0.9105 1.174 0.8957 0.1 1.8 -0.0029 0.9124
WBCL 1868 1.0584 0.9505 1.1815 0.9348 0.1 2 -0.084 0.948534
MAQA 544 1.057 0.9627 1.1121 0.9578 2.7 388.5 -0.0092 0.9643
DEUA 267 1.0524 0.9243 1.2996 0.8758 5.3 81.3 0.0225 0.9255
NWBP 576 1.0503 0.9669 1.0469 0.9671 0.3 2.1 -0.0226 0.9679
CIBT 2551 1.0498 0.9059 1.1595 0.8931 22.9 308.6 0.0043 0.9073
BNZW 85 1.0471 0.9625 1.1647 0.9493 27 141.9 -0.0235 0.9633
CINX 1250 1.0432 0.9536 1.1744 0.9385 31 336 -0.0976 0.9495
DRSA 73 1.0411 1.0061 1.2055 0.9854 25.9 110.9 0.2329 0.9792
NATA 571 1.0403 0.968 1.1699 0.9538 50.7 451.9 0.1384 0.9589
KRBL 26 1.0385 0.6622 0.8846 0.6528 0.1 1.9 -0.2692 0.6038
RBOZ 35 1.0286 0.9231 1.0857 0.9194 312.6 1168.2 0.0857 0.9194
MMDB 395 1.0152 0.9531 1.1367 0.9433 -0.2 1.8 -0.3797 0.8741
WBCN 584 1.0137 0.9587 1.161 0.9452 3.1 88.5 0.0445 0.9578
DDBX 1373 1.0131 0.9444 1.1398 0.9341 0.1 2.1 0.0015 0.9445
ABSY 4 1 1.1547 1.5 1 -17.9 30.9 -0.5 1
ANZW 10 1 1.0541 1.2 1.0328 37.2 136.2 0.4 0.9661
BDRH 477 1 0.9745 1.1887 0.956 0.8 6.2 -0.0042 0.9745
CBAM 8 1 0.9258 1.25 0.8864 2.5 3 -0.5 0.7559
CIBB 2 1 1.4142 1 1.4142 -0.3 0.1 0 1.4142
CMBN 18 1 1.029 1.7778 0.6468 217.9 957.2 0.5556 0.8556
MLBS 6 1 1.0954 1.6667 0.8165 642.2 703.5 -0.6667 0.8165
NABN 2 1 1.4142 1 1.4142 -28 5.8 0 1.4142
TDFX 37 0.973 0.9856 1.0811 0.9826 -2 37.3 0.027 0.9856
NABM 165 0.9576 0.8995 1.103 0.8946 29.9 441.9 -0.0788 0.8971
SCRS 16 0.9375 0.9979 1.0625 0.9979 -48.7 268.6 0.0625 0.9979
DHBH 27 0.9259 0.7808 0.9259 0.7808 -0.2 2.3 -0.2222 0.7511
HSHK 42 0.9048 0.983 1.1905 0.9687 1.8 414.6 -0.1429 0.9771
CISY 29 0.8966 0.939 1.1034 0.939 -23.5 182.1 0.0345 0.9443
NABX 81 0.8765 0.9667 1.1728 0.959 0 2.5 -0.3704 0.9006
ANZQ 60 0.8667 0.8919 1.0333 0.9013 49.1 326.4 -0.1667 0.8862
MBBX 7 0.8571 1.069 0.5714 0.9759 -0.7 1 0.7143 0.7559
NABQ 13 0.8462 0.9871 1.1538 0.9871 3359.7 1560.1 -0.1538 0.9871
BOEB 17 0.8235 1.0146 1.4118 0.9393 -3.9 7.9 0.2941 0.9852
BLHL 22 0.7273 0.8827 0.9091 0.9211 1.3 3.3 -0.0909 0.9211
PBNY 23 0.6522 0.9346 0.7391 0.9638 -0.8 1.9 0.3478 0.9346
LIST 21 0.619 0.8646 0.8095 0.9284 893.2 2638.7 -0.1905 0.9284
INDN 7 0.5714 0.9759 0.2857 0.7559 -0.6 0.8 0.7143 0.7559
CBHK 6 0.5 0.8367 1.1667 0.9832 7.8 11.4 0.1667 0.9832
JFHK 8 0.5 0.7559 1 0.9258 72 215.8 0.25 0.8864
NTCC 6 0.5 0.8367 0.1667 0.4082 0.3 2 0.1667 0.9832
HKCT 4 0.25 0.5 0.75 0.9574 5.7 18.3 -0.25 0.9574
BNPT 2 0 0 1 1.4142 5.3 1.1 -1 0
HHMB 1 0 0 2 0 -0.3 0 1 035
Appendix 4
Extent of Informed Quoting and Returns by Banks in Alphabetic Order Excluding
No-change Quotes











over a 20 Quote
Interval
Standard Deviation
of Return over a 20
Quote Interval
ABSY 4 1 1.1547 -17.9 30.9
ANZH 23 1.2174 0.998 -30.5 146.3
ANZM 279 1.1326 0.9929 50.1 352.6
ANZQ 48 0.8333 0.9964 62 364.6
ANZS 89 1.3034 0.9583 -4.4 37.6
ANZW 10 1 1.0541 37.2 136.2
ANZX 875 1.072 0.998 0.1 1.8
BAON 1 2 0 -2.5 0
BAUA 795 1.0717 0.9981 21.9 282.5
BBNG 11 1.0909 1.0445 -0.5 2.3
BCIS 27 1.2593 0.9842 50 736.8
BDRH 452 1 1.0011 0.8 6.3
BGFX 8208 1.1233 0.9924 0.2 4.4
BLHL 18 0.6667 0.9701 1.3 3.4
BMCH 1 2 0 -3 0
BNL1 12 1.1667 1.0299 0.3 1.4
BNLA 43 1.1628 0.9983 165.8 761.1
BNLL 3 1.3333 1.1547 -0.9 1.1
BNPR 11 1.2727 1.009 1 2.8
BNPT 2 0 0 5.3 1.1
BNZW 78 1.0513 1.0051 24.4 139.7
BOAS 11 1.0909 1.0445 -2.8 9.3
BOEB 17 0.8235 1.0146 -3.9 7.9
BRO1 61 1.1148 1.0016 -0.5 2.4
CBAA 38 1.2105 0.9907 48 399.4
CBAM 6 1 1.0954 1.7 3.1
CBHK 5 0.4 0.8944 4.4 8.7
CHAA 254 1.1102 0.9959 5.7 158.2
CHSQ 5 1.2 1.0954 22.4 36.6
CIBB 2 1 1.4142 -0.3 0.1
CIBT 2099 1.0605 0.9984 24.7 310.7
CINX 1138 1.0475 0.9993 30.7 333
CISY 25 0.88 1.0132 -26.4 196.5
CMBN 18 1 1.029 217.9 957.2
CRIS 43 1.2093 0.9894 0 1.6
CTTI 3 1.3333 1.1547 -1.3 3.2
DBSX 124 1.0806 1.0008 0.1 5.9
DDBX 1224 1.0147 1.0003 0.1 2.1
DEUA 228 1.0614 1.0003 0.6 62.2
DHBH 16 0.875 1.0247 -0.4 1.3
DLJX 1 2 0 0.6 0
DRSA 73 1.0411 1.0061 25.9 110.9
GTCX 28 1.2143 0.9947 303.2 760.736
HHMB 1 0 0 -0.3 0
HKBK 253 1.0751 0.9992 -25.6 204.2
HKCT 3 0 0 -2.6 9.6
HSBA 154 1.0649 1.0011 97.9 596.8
HSHK 40 0.9 1.0077 -0.4 424.9
INDN 7 0.5714 0.9759 -0.6 0.8
JFHK 6 0.3333 0.8165 -4.4 5.5
KRBL 11 1.0909 1.0445 0.2 1.3
LIST 18 0.5556 0.9218 1041.8 2833.4
MAQA 505 1.0614 0.9991 3.2 403.2
MBBX 7 0.8571 1.069 -0.7 1
MELP 1 2 0 104.1 0
MLBS 6 1 1.0954 642.2 703.5
MLLN 3 1.3333 1.1547 -1.7 0.6
MMDB 358 1.0168 1.0013 -0.2 1.9
MMWB 389 1.1105 0.9952 0 2.3
NABM 133 0.9474 1.0024 17.9 377.7
NABN 2 1 1.4142 -28 5.8
NABQ 12 0.8333 1.0299 3332.7 1626.3
NABS 6 1.3333 1.0328 1.8 3.6
NABX 76 0.8684 0.9979 0 2.5
NATA 535 1.043 1 48.5 439.9
NTCC 5 0.4 0.8944 0.4 2.2
NTCS 43 1.2558 0.9782 0.4 2.7
NWBP 539 1.0538 0.9995 0.3 2.1
NWHK 1 2 0 0.5 0
PBNY 22 0.6364 0.9535 -1.1 1.3
RAB1 1622 1.1344 0.9912 0.1 1.2
RBCT 607 1.1466 0.99 49.1 479
RBOZ 29 1.0345 1.0171 333.5 1267.2
SBNS 340 1.1765 0.9858 98.4 868.2
SCNY 6 1.3333 1.0328 963 2377.4
SCRS 15 0.9333 1.0328 -51.7 277.7
SGBS 553 1.0958 0.9963 12.3 168.3
SLKX 1 2 0 2 0
SUNM 13 1.2308 1.0127 -0.4 4.9
TDAA 31 1.2903 0.9727 5.9 84.8
TDFX 35 0.9714 1.0142 -2.1 38.4
TMAS 16 1.25 1 96.6 970.7
UBSN 20 1.5 0.8885 -3.1 16.1
UOBX 18 1.1111 1.0226 0.4 6.1
WBCA 2006 1.1007 0.9952 20.9 262.3
WBCL 1693 1.0644 0.9982 0.1 2
WBCN 536 1.0149 1.0008 3.5 92.4
WLNY 2 2 0 0.7 0.4